Shipboard hydrographic measurements and moored current meters are used to infer both the largescale and mesoscale water mass distribution and features of the general circulation in the Canary Basin. We ~ound a convoluted current system dominated by the time-dependent meandering of the eastward ßo\nng Azores Cu~rent. and the fo rmatio n of mesoscale eddies. At middepths, several distinctly different water masses are 1denttfied: Subpolar Mode and Labrador Sea Water are centered in the northwesl, Subantarctic Intermediate Water is centered in the southeast, and the saltier, warmer Mediterranean tongue lies between them. ~esos~le structures of these water masses suggest the presence of middepth meanders and detached edd1es wh1ch may be caused by ßuctuations of the Azores Current.
I. I NTRODUCTIO
In this paper we use hydrographic and current meter data to describe some features of the circulation and water mass distribution within the Canary Basin. Our aim is to show both the large-scale (0(1000 km)) and mesoscale (0(100 km)) distribution of properlies within the thermocline.
Recent studies of the climatic data base [0/bers et al., 1985 ; Stramma, 1984] show that the basic feature of the steady circulation within the upper main thermocline (above 800 m) is the castward flowing Azores Current. This current appears to branch from the Gulf Stream in the splitting region near 40°N, 40°W [Mann, 1967 ; Krauss, 1986] and is the principal eastern extension of the subtropical gyre across the MidAtlantic Ridge. lt Iransports about 10 x 10 6 m 3 s -• castward across 35°W between 30°N and 40°N. The Azores Current turns southward betwecn 25 W and the coast of Africa and feeds into the southwestward flowing North Equatorial Current.
The steady circulation within the deep main thermocline (800 to 1500 m) is much weaker by comparison and not as weil defi ned [ e.g., 0/bers et a/., 1985] . Saunders [ 1982] made a careful study of geostrophic and Sverdrup Iransport in the eastern North Atlantic and deduced a westward Iransport of about 2 x 10 6 m 3 s 1 , which was approximately coincident with the Mediterranean salt tongue. Meridional Iransports were found to be weaker still. In the centrat Canary Basin there may be a weaker southwesterly transport aligned more or less with the transport in the overlying thermocline.
The mesoscale eddy field in the Canary Basin appears also to be dominated by the Azores Current [Käse and Siedler, 1982] . This current undergoes large amplitude north-south meandering [Käse et al .. 1985] with occasional eddy detachCopynght 1986 by the Amencan Geophysical Umon.
Paper number 6C0238. 0148-0227 86, 006C -0238$05.00 ment and significant lateral eddy heat ftux. Within the deep thermocline this meandering and eddy detachment may contribute to the formation of discrete mesoscale lenses of Mediterranean water from thc salt tongue which lies along the northern edge of the Canary Basin.
MEASUREMENTS
Our data were taken in 1984 during two cruises aboard RfV Ocecmus and a cruise aboard FS Meteor [Meincke eL a/., 1985] . During the Oceanus cruise we dropped 172 deep (1800 m) T5 expendable bathythermographs (XBTs) and another 37 shallow (750 m) T7 XBTs (see Figure I for drop locations). Fourteen hydrographic bottle casts were also made during the Oceanus cruise. Twelve Nansen bottles were set at depths from the surface to 2000 m, and water samples were drawn to determine dissolved oxygen by Winkler titration (thought to be accuratc to within 0.1 mL L _ ,) and dissolved silica by colorimctry (thought to be accurate to within 3 J.l& atm L -
During the M eteor cruise there were an addit ional 99 shallow XBT drops and 51 conductivity, temperature, and depth (CTD) stations occupied in the study area (see Figure 1 ). Yearlong records from a single current meter mooring, KIEL276, set at the NEADS I site (33 N, 22°W) arealso presented. This mooring had Aanderaa instruments which measured velocity and temperature at depths of 330 m, 560 m, 1160 m, 1660 m, 3050 m, and near the bottom at 5040 m. The complete hydrographic and current meter data set gives us an opportunity to describe both the large-scale hydrographic field within the Canary Basin (1000-km scales) as weil as the mesoscale variability around the Azores frontal region (100-km scales).
SPATIAL DISTRIBUTIONS

M eridional Sect ions
Our sampling included two nearly meridional sections through the centrat Canary Basin (Figures 2 and 3 Figure I ) was made up from live M eteor CTD Stations along 26 30'W. The measurement accuracy for each of these is more than adequate for our purpose here; the precision of Iernperature and sahni ty of the hydrocasts is thought to be within 20 mK and 0.02 practical salinity units (PSU), respectively. CTD data were obtaincd by an instrument yielding precision of at least 10 mKO.OI PSU (T. Müller and N. Brown, personal communication, 1985) .
Temperature distributio ns in Figure 2a generally show two disllnctive layers : the main thermocline or Central Water down to 600 m, and the low-gradient region below. A characteristic feature above 200-m depth is the thermostad in the 16 19 C range, wh1ch is often found in this region in connecuon wuh the Azores Current (stations 9-12). This is believed to be the remainder of locaJ wintertime convection in the northcrn Canary Basin similar to the 18 water of the Sargasso Sea [Worthington, 1976; Gou/d, 1985; Käse et a/., 1985] . Except in the Azores Current region, isotberms in the Central Water are rather flat between Stations 3 and II. The most significa nt signal in the main thermocline is the divergence of the 9 to II isotherms at the northern end of the section caused by the warm Mediterranean Water (MW) north of 34 N. 8oth features, the 17 19 thermostads and the wa rm MW expressions, are clearly reproduced in the salinity sections (Figure 2b ). At 200m one can distinguish a southern halostad around 36.80 and a northern one near 36.40. Below 700 m a strong inftuence of MW becomes evident with salinities greater than 35.6 [Dietrich, 1969 ; W orthington, 1976] . The strengest MW salinity maximum is found a t the northern end of the section a t around 1100-m depth, and there is a weaker maximum between 3 1"N a nd 33 N. At the southern end of the section is low salinity due to the inftuence of the Subantarctic Intermediate Water (SAAIW). The steplike slope of the 35.4 isohaline represents a front which can be traced in silicate and oxygen throughout tbe upper ocean. This marks the transition between the northern spreading SAAIW and the southern edge of the MW tongue.
This transition zone is obvious also in the silica section (Figure 2c ) separating silica-rich SAAIW below 1400 m from silica-poor waters (> 16 J.IS atm L -1 ) of northern hemi phere origin. The Separation zone continues upward followmg the main thermocline, as is evident from the steep lope of the 6 Jl& atm L 1 isoline. Owing to high biological productt'< ll). the near-surface layer has silica values of only I 11g atm L -• or less.
The 0 2 section (figure 2d) is somewhat different from tbe other property distributions. The main features consist of two different 0 2 minima at the 800-to 900-m Ievel, one m the south and one in the north. The dominant minimum oxygen values, below 3.4 mL L -I, are found on the southern side of the section. lt extends as a low oxygen tongue northward up to 28 N, where the generat north-south transition zone in the main thermocline occurs in the MW range. The second minimum which has values below 4.2 mL L-1 is centered JUS! above the MW tongue. The MW core apparently has no pronounced 0 2 signal. Below tbe MW lower boundary iS an oxygen-rich layer of > 5.6 mL L -1 resulting from convectively formed water masses of subpolar origin.
A noticeable feature in the upper 500 m is the dip of the 4.6-5.0 mL L -I oxygen contours between Stations 13 and 12. This appears to be a signature of subduction or advection of colder, fresher, oxygen-rich water from the northern flank of the Azores Current. The opposite trend is found at depths greater than 1200 m, where oxygenated decp water is advected a nd upwelled from below.
Parameter Corre/ation
Fo r further clarification of water masses presen t in the upper layers of the Canary Basin, we display scatterplots of temperature. salinity. oxygen, and silica obtained from the hydrographic series (Figure 4) .
Most of the variability in temperature versus salinity (T S) is concentrated near the surface andin the MW. Surface salinity range between 36.5 and 37.3; the high values are due to the high evaporation rate in the subtropics. At middepths around 1000 m there is a highly variable MW rangein which high salinity occurs in the north (statio n 14) and low sahnity occurs in the SAA IW in the south (Station 3). The transition zone betwecn SAA IW-and MW-influenced regions is evident also in the S 0 2 and Si 0 2 diagrams (Figures 4b and 4c) as two 0 2 extrema separated roughly by 0.9 mL L -1 • The least scatter is found in the North Atlantic Central Water (NACW), which is representative of the main thermocline down to approximately 600 m. Although TJS curves areweil correlated in the NACW, there is a meridional gradient in 0 2 due to a different venti lation age and oxygen utilization. ln the deepest Ievel, T/S data from all stations converge.
. LARGE-SCALE HORIZONTAL MAPS
All available temperature data (see section 2) were compiled and plotted on a large-scale and a smaller-scale grid, the latter of which will be discussed in section 6. Interpolation was done by nearest neighbor search, with smoothing weighted by the imerse distance. In the !arger-cale map, the maximum search radius was 300 km. Contouring was performed automatically Temperature maps are shown at the three Ievels (560, 1160, a nd 1660 m) where we also have si multaneous long-term current and temperature records.
Cemra/ Wat er Ler:e/: 560 m
The map from the main thermocline at 560 m contams the most data points of all three charts, since all T7-XBT (750 m) probe could be included (Figure 5a) . A systematic linear pres-
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, . sure btas was removed from the XBT records by minimi?ation of the dtfTerence between tsotherm depths from hydrocast CTD stallons and XBT drops. The main feature is a c1rcular distribution of isotherm~ araund the warm ( > 12 C) core at ::!9 N. 26 W. This represents the mner subtropical anticyclomc gyre which rectrculates east of Madeira To its north IS the Azores Current wtth temperatures of 11.2 11.6 C [ka '.\e and Siedler, 1982] . A southward branchtng of this current, found by Stramma [ 1984] m historical data, could not be confirmed m our quasi-synopttc suney dunng autumn 1984. lhgh temperature ( > 11.6 C) in the northeastern corner apparently are due to the Mediterranean outflow following the coastline of the lberian peninsula and the Gettysburg Bankat greater depth [Zenk, 1970] [Käse and Zenk, 1986] . Current meter data from KIEL276 at 33 N, 22 W showwestward mean flow ( Figure 7 ) coincident with the westward protrusion of isotherms at that latitude. This is also the location of the weaker MW salinity max1mum (Figures 2b  and 3h [ 1982] . The interaction of these water masses probably causcs the high intermittency seen in the current meter data, which Will be discussed in the next section. Here we only note an cxtcndcd Jow-gradient area around 32 N, 23 W in the v1cimty of mooring KIEL276. In the extreme southeastern corner there 1s evidence of cold SAAIW, noted already in the Oceww.\ salinity and silicate section (Figure 2h ).
MOORJ!'.G MEASURL\1LSTS
The moormg KIEL276 as discussed here was deployed in October 1983 I n the year preceding these hydrographic sur-'eys. it recorded temperature and current velocity at three paths fro m the current meter records, assuming steady and hom o geneo us conditions. Low-passed time series of three instruments representative of the upper, middle, and lower part of the water column are sho wn in Figure 6 . The corresponding progressive vector diagram s in Figure 7 indicate that during the period 1983-1984 a gene ra t north-south alignment of the hypothetical particle pat hs exis ted, with a westward component dominating at the This scenario is similar to the one in March-April 1982 described by Käse and Zenk [1986] where the switching of tempera ture betwecn different basic states was related to the passage o f hrghly saline lenses (meddies) past the moorings. The th ree possible states are best recognized in the temperature record from the 1660-m-level. The "mean" state at that depth is 5.4 C , which is found in the beginning and during the final 2 months as well as for some interim periods in January, March, and attached and isolated vortices of cold or warm waters at several depth Ievels [Käse and Siedler, 1982; Käse et al., 1985;  Amu ancl : Zenk, 1984] . There is also significant temporal variability at some locations in the Canary Basin. Long-term local current meter moorings reveal strong current events which can be dtrectly assoc1ated with the passage of thc Azores Current or meddies [Siedler et al., 1985l To compare our low pass-filtered time series (tidal and higher frequency signals were eliminated} with the hydrographic data from Oceamts and Meteor, we had to perform a second hori7ontal temperature mapping with a smaller ( < 100 km) search radi us and thus less smoothing. A simultaneous analysis of the quasi-synoptic temperature and dynamic height distribulton together with current a nd temperature long-term observat1on allows us to draw a more detaited picture of water mas. advectlon m the Canary Basm in autumn 1984.
t-or practical reasons we use 1400 m as our deep reference Ievel, be ing weil aware of earlier Observations [Siedler et al, 1985] that showed a layer of minimum motion at about 3200 m. For the upper mtegra tion Iimit we chose 100m to exclude the highl y variable near-urface T S relationship necessary for the calculat1on of mferred sahmty from XBT observations. Bcca use the Azores Currcn t is gencrally confined to the upper 1000 m [käse und Siedler, 1982] , thc specds below our refere ncc le-.el are small, and we can expect the 100-to 1400-m dynam1c topogra phy 10 be a fa1r representation of the mesoscale current field 10 the central Canary Basi n. S10ce water ma. s d1fferences occur 10 the observational area, we could not use a umfy10g h1stoncal T S relationship. lnstead. an average of two neighbouring hydrocasts, weighted by lls relative d1stancc. was apphed. For 10stance, a nearly perfect correlation between actual dynamic topography values and those with sahnuy infe rred from Emerr and Dewar [ 1982] , T S cune 9, a ppeared for the upper 700 m north of 30 N. However, for the range below 700 m, a systematic deviation was seen between d1rect estimates from actual hydrocast of CTO stallon and inferred denslly. The total range of dynamic topography differences due to a constant T S relationship amounts to +4 dyn cm In our calculations the error decreased to ± I dyn cm for an average alinity deviat1on < 0.025 PSU in the Mcd1terranean Water and the Middle Ocep Water range.
Thc most striking fcature of thc dynamic topography (Figure 8 ) is thc general meridional alignment of isolines scparating a central low-prcssure ccll from two co-lateral h1gh-pres ure cells. Th1s pattcrn of the relati-.e topograph) is associatcd w1th thc meandering of the Azores Current, first described by Käse et al. [ 1985] for a different mesoscale case study 1n thc same region in spnng 1982. In contrast to th!S "Pose1don" bo>. survey from 1982, hcre we find a !arge di. placemcnt of the meandering system to the south in autumn 1984 ; i.e., the pronounced dynamicallow, found m the MP~ don" box at 35 N, appears to be shifted to a comparable lo\\ in 1984, seen a t 32 N south of mooring KIEL276 in Figure 8 .
This substantial shift is not incon istent witb the progres,i\e vector diagram a t 560 m (Figure 7b ) that shows a !arge north to south displacement of approximately 500 km 100 da) in carly 1984.
Included in Figure 8 are the locations of four cro s ectioll!> (A-0) a nd three current vectors, two derived from actual hip drift observa tions and one representing the 4-week aYerage velocity at 560 m in mooring KIEL276. The current directioll!> from the surface a nd from the thermocline eurrent meter are in good agreement with the dynamic topography contours. The vertical current shear ean be seen in Figure 9 , where we depiet the geostrophical profiles A-0 .
Because of their orientation perpendicular to the contours.
they represent major components of the actual currents. Geostrophic profiles in Figure 9 agree weil with similar distnbutions obtained in the Azores Current in spring 1981 and 1982 [Käse et al., 1985 ; Siedler et al., 1985) . Profile 0 d1ffers from the rest by its small vertical shear in the upper 800 m. To sec why this occurs, we present mesoscale temperature maps ( Figure 10 ) and compare them with the temperature at current meter Ievels 560, I 160, and 1660 m. At the mooring si te, where the geostrophie shear profile D was taken, there are low temperature gradients, apparently caused by local mixing induced from the MW Ievei ( Figure  lOb) , indicating exceptionally warm water (>9.7 C) just east of mooring KIEL276. This high-temperature tongue is associated with middepth anticyclonic motion that has inftuenced the shape of the easternmost geostropbic profile 0 in Figure 9 .
In Figure 7 there is a predominant westward advection in the upper water column during fall 1984 which fits well with our tempera ture maps: at 560 m the Iocal mooring Iernperature vanes between 11.3 C and 11.6"C during eariy October 1984. A more abrupt temperature rise is seen at the 1160-m Ievel, where a change of 0(0.8"C d -•) is observed immediately before mooring recovery (T = 9 C). We interpret this drasuc ri e as the passage of the warm water front which is seen, but poorly resolved, in Figure lOb . We also note that in the lowgradient region southwest of mooring K IEL276 an isolated meddy was detected simultaneously [Käse and Z enk, 1986) . (To avoid unwanted dispersion of its sharp outer lim1ts by automatic con touring, we have here excluded data points from the meddy itself.)
More insight 1010 the structure of the 1660-m temperature time series can be gained by comparing it with the horizontal map at the same Ievel ( Figure IOc) . There we find (I) a warm tongue in the southeast ( > 5.6 C), (2) a transition zone with weak gradients west of mooring KIEL276; (5.2 C), and (3) cold water ( < 4.9 C) in the north. Abrupt changes in tbe temperature time series appear to be associated with advecllon of this three-mode structure past the mooring.
0ISCUSSJON
The most significant result of this study is tbat for the first time we have combined a quasi-synoptic meso cale survey with a large-scaic hydrographic survey, which resolved many features of tbe generat circulation in tbe eastern orth Atlanuc 01rect current measurements were coupled \\i tb maps of tbe hydrograph1c features, and a consistent picture of the current S) tem "as drawn. This region, historically thought tobe rather s~m ple and qu1escent, was found to be complex and acthe We found a convoluted current system dominated by tbe lmle-dependent mea ndering of the Azores Current.
The large-scale dynarnic topography, sbown in Figure II as a ·moothed map fo r the pre sure Ievels 100 referenced to 800 dbar. clearly shO\\S the ubtropical anticyclonic gyre imilar to that een m h1stoncal map~ by Stramma [1984] . The castward tra n port relative to 1400 dbar in the ra nge I()( [ 1926] . The ultimate fa te of this northward return Ho\\ IS not known. Part of it must be returned to the outh 10 the Portugal Current as a narrow eastern boundary current wh1ch feed the Canary Current between the Canaries and the African coast.
The cold water pool in the !a rge scale temperature maps (Figures 5a, 5b . a nd Sc), denoted as Subpolar Mode and Labrador Sea Water, arc visible signs of a subtropical rccirculation of convectively formed water masses [Talley and M cCartney, 1982; M cCartney and Talley, 1982] . However, this westward recirculation seems to be restricted to the north of the Azores Currenl. A progression of cold subpolar water directly east of the Azores appears also in the drifter maps of Krauss and Käse [ 1984] with some drifters entering the Azores Current system, while others brealc through it and return with the generat sou thwestwa rd circulation south of 29 N. Current meter progressive vector diagra ms in the cent ra t area from fall 1983 to 1984 reveal large zonal and meridional e~cursio n s, suggesting mea ndering motion consistent with the meso cale a nalysis of the hydrographic data. The 560-m-level exhibits an Azores Current meander with northward displacement between December 1983 and January 1984 and a similar southward return between February a nd April. The meridional ampli tude of this mea ndering is about 400 km (Figure 7 ).
Dunng the e 5 mon ths a net castward displacement of the same a mo unt occurred, which would correspond to a mean castward velocity of about 3 cm s 1 • However, this castward tendency is reversed from June to Octobcr 1984. This apparent )early cycle in the east component is no t typical for thc preceding 5 years of current meter measuremcnts at thc samc po:.1t10n.
We interpret this behavior as being duc to the combincd elfect of the conJecturcd dctachment of the cold cyclonic meander seen 10 the v1cinity of the mooring (Figure 8 ) and the sub~equent w~tward advection of this circulation How pattern past the mooring site.
1t should bc po10ted o ut that relative geostroph1c transport el.timates may sulfcr from !arge errors because the currcnt meter data have a strong (> 2 cm s-1 ) ba rotropic signal. Sometim~. for 10stance, in December 1983 to March 1984, thc flow sho\\S a ma:o.1mum at middepth in the La brador Sea Water Ievel with speeds a high as 15 cm s 1 for I month. The temperature maps from our October experiment at this Ievel 9747 (figure 4c) showed a remarl.able intermediate tempera ture m101mum of approximately 5.25 C. an 10dicat10n tha t cold Labrador Sea \' ater (T < 4.5 C) had penetrated through the 1editerra nean Water tongue (T > 5.6) and had been m•"<ed \\ •th 11 , a 1 uggested b) the current meter data G1v.en th1s comphcated flo" pattern, we "ere not able to e timate Iransports in the MW Ievel and below from the e data C learly, more measurements are needed a t th1s Ievel to resolve the complicated horizontal tructure. Long-term temperature measurements in moonng along 28 N and 26 30'W by the Kiel Insti tute a nd acoustically traclced Ooats from the Wood Hole Oceanographic Institution deployed 10 fall 1984 and 1985 may help further interpretat10n of the ci rculation pattern.
